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(54) Photosensitive polymer composition, method for forming relief patterns, and electronic 
parts 

(57) A positive-type, heat-resistant photosensitive 
polymer composition comprising (a) a potytmkJe precur- 
sor or a potyimide which is soluble in an aqueous alXa- 
Dne solution, (b) a compound capable of generating an 
acid when exposed to fight, and (c) a compound having 
a phenolic hydroxy) group: a method of forming a relief 
pattern comprising a step of applying the composition 
onto a substrate and drying it thereon, a step of expos- 
ing it, a step of developing it, and a step of heating it; 
and an electronic part having as a surface-protecting 
film or an intertayer insulating film. 
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Description 

BACKGROUND OF THE INVENTION 
5 i.Fteldofthe Invention: 

[0001] The present Invention relates to a photosensitive polymer composition, to a method of using the composition 
for forming relief patterns, and to electronic parts. More precisely, 8 relates to a positive-type, heat-resistant photosen- 
sitive polymer composition capable of being into a heat-resistant potyimide polymer under heat which is suitable for 
to surface-protecting films, fntenayer insulating films and others for electronic parts such as semiconductor devices, etc . 
to a method of using the composition for forming relief patterns, and to electronic parts. 

2 Description of the Related Art: 

[0002] Fotyimides have good neat resistance and good mechanical properties, and are readily formed into films of 
which the surface could be well planarized. Having those advantages, they are widely used for surface-protecting films, 
intartayer insulating films and others for semiconductor devices. 

[0003] Where potyimkJes are used tor surface-protecting films or Intertayer insulating films, the step of forming 
through-holes and the Eke in those films is achieved essentially in an etching process In which is used a positive-type 
photo-resist. However, the step comprises applying and removing such a photo-resist, by which the step is compScated. 
This Is the problem with the step. For the purpose of rationafizing the working step, heat-resistant materials with photo- 
sensitivity have heretofore been studied. 

[0004] Relative to photosensitive potyimide compositions, for example, known are (1) a poh/inmde precursor com- 
position In which Is introduced a photosensitive group through ester bonding WP-B-52- 30207. etc.). and (2) a composi- 
tion as prepared by adding a compound that contains a carbon-carbon double bond capable of being c&merced or 
polymerized by the action of chemical rays, an amino group and an aromatic bisazkJe, to a potyamidic acid WP-B-3- 
36861. etc.). 

[0005] In use of such photosensitive potyimide compositions, in general, a solution of Ihe composition is applied 
onto a substrate, then dried, and exposed to active rays via a mask, and thereafter the non-exposed area is removed 
with a developer to form a pattern on the substrate. 

[0006] However, the compositions (1) and (2) noted above are both negative-type ones, and the development for 
these requires an organic solvent. Therefore, when an etching process of using a positive- type photo-resist is switched 
to the process of using the negative-type photosensitive potyimide, the problem is that the mask for the exposure device 
and the development equipment must be changed. 

100071 On the other hand, relative to positive-type photosensitive pdyirrboes. for example, known are (3) a potyim- 
ide precursor in which is introduced an o-nitrobenzyl group through ester bonding (JP-A-60-37550), and (4) a compo- 
sition comprising a phenolic hydroxy) group-having polyamidate and an o-qulnonedlazfde compound (JP-A-4-204945). 
[0008] However, the precursor (3) is essentiaBy sensitive to light having a wavelength of not longer than 300 nm. 
and its sensitivity is tow. Therefore, the precursor {3) is problematic in that an Mine stepper (for single wavelength Bght 
of 366 nm) which is much used these days in the art Is hardly applicable thereto. On the other hand, the composftton 
(4) is also problematic in that its sensitivity is stifi unsatisfactory even though higher than the sensitivity of the precursor 
(3). At present, no one could obtain positive- type photosensitive potyimktes having satisfactorily good sensffivfty. 

SUMMARY OF THE INVENTION 

43 

[0009] The present Invention ts to overcome me problems noted above in me related art 

[0010] Specrficaty, the invention provides a positive-type, heat-resistant photosensitive polymer composition, which 

has high sensitivity and does not take much time for development 

[00 11] The Invention further provides a positive-type, heat-resistant photosensitive polymer composition, which has 
so higher sensitivity or higher resolution, requires shortened development time, or give better patterns. 

[0012] The invention also provides a method of using the Wgh-sensitMty composition for lorrnlng good relief pat- 
terns wtth high resolution. 

[00 13) The invention stiS provides high-reiiabSty electronic parts having such good relief patterns. 

[00 14) The photosensitive polymer composition of the invention comprises (a) a potyimide precursor or a potyimide 
56 which is soluble in an aqueous altahne solution, (b) a compound capable of generating an acid when exposed to bght, 

and (c) a compound having a phenolic hydroxyi group. 

[0015] The composition may additional contain (d) a dissolution retardant for the component (a) in an aqueous 
aftaJine solution. 
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(001 6) In the composition, prefefatty, the component (b) is an o-quinoneolaaae compound. 

[0017} Also preferably, the component (a) fn the composition ts a poryamidate or a potyimide. 

[001 8) Stlfl preferably, the component (a) Is a poryamidate having repetitive units of a general formula (I): 



O OH H 

u hi I 

■ — f C — R 1 — C— N — R'~ N -J — (I) 
«> (COOR J ) 2 

wherein R 1 represents a tetravalent organic group; R 2 represents a cfvatent organic group having a carboxyl group or 
a phenolic hydroxy! group; and two R^s each independently represent a monovalent organic group. 
•5 [001 91 Still preferably, the component (c) in the composition is a compound of a general formula (II): 

OH OH 

(XI) 



wherein X represents a single bond or a divalent group; R 4 and R* each independentty represent an alkyt group; and 
m and n each independently represent an integer of from 0 to 3. 

10020) StiU preferably. X in the compound of formula (II) is selected from the Wowing groups: 



CHj O CF 3 

I It I 

-c- , -s- , -o- , -c- , -c- 

I II Hi 

CH, O O CFj 



[0021) Still preferably, the compound of formula (II) is 2,24*s{3^irno^yoYoxypto 

[0022) salt preferably, the component (c) Is a compound of a general formula (HI): 

OH OH 
^-Y-^> (HI) 

(R 4 )p ,(R 7 )q 



wherein Y represents a single bond or a divalent group; R e and R 7 each independently represent an alkyl group; and p 
w and q each independently represent an integer of from 0 to 3. 

[0023) SUD preferably, Y in the compound of formula (in) is a divalent organic group having one or more aromatic 
rings. 

10024] StiU preferably, the component (c) is a compound having a methytot group and a phenocc hydroxy! group. 
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[0025] SUD preferably, the compound having a mefhytoJ group and a phenoBc hydroxy! group Is represented by a 
general formula (IV): 



OH OH 
(HOCB 2 ^^— 2 ^-(CBjOB), (IV) 



wherein Z represents a single bond or a divalent group; R 8 and R p each independently represent an alkyi group or an 
alkenyt group, r and s each independent represent 1 or 2; and I and u each independently represent an integer of from 
15 Oto3. 

[00261 Stilt preferably. 2 In the compound of formula (IV) Is a group of: 

A 

I 

A 



wherein two A's each independently represent a hydrogen atom, or an alkyi group having from 1 to 10 carbon atoms. 
[00271 Still preferably, the compound of formula (TV) is 3,3'-metrrytene£ts(2^yoYoxv-SH^ 
[00281 Still preferably, the component (d) in the composition is selected from an onium salt, a diaryl compound or a 
tetraalkyJammonfum sail 

[0029] Still preferably, the component (d) is selected from a diarytiodonrum salt, a diaryl suWone compound, a dia- 

rykirea compound or a tetramethylamrnonium hafide compound. 

[0030] Stiff preferably, the component (d) is a diarytiodonrum sail of a general formula (V): 



whereinR 10 and R 11 each independently represent a monovalent organic group, and R 1ty s and R !l 's may be the same 
or different; v and w each Independentry represent an titeger of from 0 to 5; and x represents a counter anion. 
[0031] Still preferably, the composition contains from 5 to 100 parts by weight of the component (b) and from 1 to 

43 30 parts by weight of the component (cX relative to 100 parts by weight of the component (a). 

[0032] Still preferably, the composition contains from 0.01 to 15 parts by weight of the component <d) relative to 1 00 
• parts by weight of the component <a). 
[0033] The method of the invention of using the photosensitive polymer composition for forming relief patterns com- 
prises a step of applying the composition onto a substrate and drying it thereon, a step of exposing It, a step of devef- 

so oping it, and a step of heating it 

[0034] Preferably, In the method, the fight to be used in the exposing step rs of Hine. 

[0035] The electronic part ol the invention has the relief pattern as formed in the method noted above, n which the 
relief pattern acts as a surface-protecting film or an inte flayer insulating film. 
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BRIEF DESCRIPTION OF THE DRAWING 
(0036] 

5 Fig. 1A to Fig; IE show a process for fabricating a semiconductor device. having a multMayered interconnection 
structure. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

to J0037) In the photosensitive polymer composition of the Invention, the component (a) must be soluble In an aque- 
ous alkaline solution to be used herein as a developer, and te a polymer as selected from potytmlde precursors and 
polytmides that are soluble in an aqueous alkaline solution. Preferably, therefore, the polymer for the component (a) has 
an acid group in the molecule The polymer is any of potytmides. or rx>fyimtde precursors such as potyamidic adds, 
poJyamidates, potyamkSc acid amides, etc.. as having good heat resistance and as being favorable to tntertayer irtsu- 

15 latino, films or surface-protecting films for semiconductor devices and murWayered interconnection boards. 

10038] As having an acid group or the fike, the component (a) Is sofubte In an aqueous athaflne solution to be used 
herein as a developer. After having been exposed, the solubility of the exposed area of the film ol the polymer compo- 
sition of the invention Is increased due to the change In the component (b) In the composition, whereby the exposed 
area comes to differ from the non-exposed area in the dissolution rate to give a relief pattern. 

so (0039] The aqueous alkaline solution is an aqueous solution which contains tetrarnetnytammontum hydroxide, a 
metal hydroxide; an amine or the like as dissolved in water and b afkafine. 

[0040] The acid group to be in the component (a) includes, for example, a carboxyl group, a phenofic hydroxy! 
group, a suJfo group, etc. The polymer for use in the invention preferably has a carboxyl group or a phenolic hydroxy! 
group. 

25 10041] Ol polyimide precursors and polyimides having a carboxyl group or a phenofic hydroxy! group lor the com- 
ponent (a), preferred are polyamJdates and poryimides, as being favorable to sinography. Of those, especially preferred 
are polyamtdates having repetitive units of formula (I) noted above, as their adhesiveness to substrates Is good. 
10042] In formula (I), the tetravalent organic group represented by R 1 is a residue of a tetracarboxylic acid or its 
dianhydride or derivative capable of reacting with a diamine to form a polyimide precursor structure, and this is prefer 

so abty a tetravalent aromatic or aliphatic group, more preferably having from 4 to 40 carbon atoms Even more preferably, 
R 1 is a tetravalent aromatic group having from 6 to 40 carton atoms. The aromatic group is one containing an aromatic 
ring (e.g., benzene rtng, naphthalene ring. etc.). In the tetravalent aromatic group, preferably, all four bonding sites are 
on the aromatic ring The bonding sites are grouped into two pairs, and it is desirable that the two bonding siles of each 
one pair are positioned in the ortho- or pert-posIBon In the aromatic ring. The two pairs of the bonding sites may be on 

is one and the same aromatic nng, or may be on different aromatic nngs as bonded to each other in any desired bonding 
manner. 

[0043] In formula {IX the divalent organic group having a carboxyl group or a phenolic hydroxy! group, which is rep- 
resented by R 2 , tea residue as derived from a flamine compound having a carboxyl group or a phenolic hydroxy! group 
by removing the amino groups from the compound, and this is capable of reacting with a tetracarhoxyfic acid, or with its 

*o dianhydride or derivative to form a polyimide precursor structure. The divalent organic group is preferably an aromatic 
a aliphatic group, more preferably having from 2 to 40 carbon atoms except for the carbon atom in the carboxyl group. 
Even more preferably, this is an aromatic group in which the number of the carbon atoms falls within the defined range, 
in the divalent aromatic group, preferably, the two bonding sites are dfrectry on the aromatic ring. In this, the two bondmg 
sites may be on one and the same aromatic nng, or may be on different aromatic rings. It is desirable that the divalent 

45 aromatic group has from 1 to 8 carboxyl groups or phenolic hydroxy! groups and that these carboxyl or phenolic 
hydroxy! groups are also directly on the aromatic rtng. 

10044] In formula (I), (he monovalent organic group represented by R* is preferably an aliphatic or aromatic hydro- 
carbon group, more preferably havfcg from 1 to 20 carbon atoms. 

1004 5] The poryimwe precursors having the repetitive units of formula (1) may optionally have any other repetitive 
50 units in addition to the repetitive units of formula (I). Fa example, they may have repetitive units of the following general 
formula (VI): 
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O 0 H H 

II II I I 

C- R 12 — C- N — R 13 — N-f— (VI) 
(COOR l «) 2 



TO 

wherein R 12 represents a tetravalent organic group; R 13 represents a divalent organic group having neither a carboxyl 
group nor a phenolic hydroxy! group; and R 14 represents a monovalent organic group! 

[0046] In formula (VI), for the tetravalent organic group represented by R t2 . referred to are the same as those men- 
tioned hereinabove for R 1 . Also in formula (VI), tor the divalent organic group having neither a carboxyf group nor a phe- 

15 nofic hydroxy! group, which Is represented by R 13 . referred to are the same as those mentioned hereinabove tor R 2 
except that the groups for R 13 shall have neither a carboxyl group nor a phenolic hydroxy) group. Further in formula (Vf ), 
the monovalent organic group represented by R*. referred to are the same as those mentioned hereinabove lor R 3 
[0047] One repetitive unit of formulae (I) and (VI) has two R*s and two R 1 *s. respectively, in these formulae, two 
R*s and also two R'*s may be the same or Afferent ones. In plural repetitive units of these formulae constituting one 

20 polyimioe precursor, plural R^s. R*s, R^s, R 12 ^, R 13 "s and ateo R M 's may be the same or different ones. 

[0048] In the polyamidates having repetitive units of formula (I), ft is (testable that the ratio of the repetitive units of 
formula (I) to those of formula (VI) falls between 0.2 and 1. more preferably between 0.4 and 1, in terms of a/(a ♦ b) in 
which a indicates the number of the repetitive units of formula (I) and b indicates that of the repetitive units of formula 
(VI). If the ratio b smaller than 07. the sotubifity of the polyamidates in en aqueous alkaline solution may be poor. 

25 [0049] The polyamidates having repetitive uruts of formula (I) may further have stiP other repetitive units of formula 
(I) or (Vf) in which one or both of the two R^s or one or both of the two R 12> s is/are replaced by hydrogen atom(s). 
[0050] In the potyamidate noted above, it Is desirable that the sum total of the repetitive units of formulae (I) and 
(VI), or that is, the sum total of the repetitive units in which the carboxyl groups in the tetiacarboxyfic acid residues are 
completely esterified, ta&s between 50 % and 100 %, more preferably between 80 % and 100 %, even more preferably 

so between 00 % and 100 %, relative to all repetitive units constituting the potyamidate. One repetitive unit as referred to 
herein is composed of one acid residue and one amine residue. 

[00 51] Preferably, the pofyimide precursor or the polyimide for the component (a) has a weight-average molecular 
weight of from 3,000 to 200,000, more preferably from 5.000 to 1 00,000. The molecular weight is measured through get 
permeation chromatography, based on the calibration curve of a standard, porystyrene. 
ss [0052J In the invention, me potyamidaies tor the component (a) may be prepared, for example, by reacting a tet- 
racarboxylic acid diester dihalide (e.g., chloride, bromide, etc.) with a diamine compound having a carboxyl group or a 
phenofic hydroxy! group and optionally with a diamine compound not having a carboxyl group or a phenolic hydroxy! 
group. In this case, the reaction is preferably effected tn the presence of a dehydrc^afogenating agent in an organic sol- 
vent. 

*o [0053] As Die tetracarboxylic acid diester dihaflde. preferred are teUacartwxyflc add diester dlchiorWes. The tet- 
racarboxylic acid diester dichtorides may be prepared by reacting a tetracarboxylic acid diester, which is obtained 
through reaction of a tetracarboxylic acid dianhydride and an alcohol compound, with (hionyl chloride. 
[0054] As the tetracarboxylic add dianhydride, for example, preferred are aromatic tetraxaroaxyBc add cfianhy- 
drides such as pyromeflitic add dianhydride, 3,3*,4,4'-btpheiiyttBtracarbaxyfic acid dianhydride, 2.3.3\4*-bipherry1tet- 

«a racarooxylc acid dianhydride, 2.7,3,3M^henytetracarixKy1ic acid danrrydride, 3.T,4.4'-tenzopr>enonetelTacarboxylic 
add dlannydride, 3.T.4,4 , *tpftenytethef4etracajWx<ylic add dianhydride, 3,3\4.4*-dipherrytsutlone-t«ra^ acid 
dianhydride, 1 ,2.3.4-cyctopentaneteUacarboxytic add dianhydride, 1^^.6-naphthalenetetracaroc«ySc acid cTanhy- 
dride. 2,3,6 J^phthaJerieletracarboxytic acid dianhydride. 1,4.5.8^aph»^ene<etjacarboxylc add diarfrydrioe. 
2.3.5.6-pyTidlne-tetracarooxyflc add dianhydride, 3,4,9, lu-peryiene^etra<arboxyflc add dianhydride, 3.3\4,4^<flphenyl- 

50 sutfbne^etracarixxytic acid dianhydride, S.T^^^etraphenylsilane-telracarboxvfic acid dianhydride. 2,2-bis{3,4-olcar- 
fjoxyphenyljhexafluoropropane dianhydride, etc. One or more of these may be used either singly or as combined. 
(0055] m the polyamidates, alcohol compounds may be used as the starling material for the ester moiety in the side 
charts. As the alcohol compounds, for example, preferred are aftyl alcohols such as methanol, elhanot, n-propyt alco- 
hol, teopropyl alcohol, n-butyl alcohol, sec-butyl alcohol, terHxjtyl alcohol, isobutyt alcohol. 1-pehtanct 2-pentanof. 3* 

55 pentanol. isoamyl alcohol, 1 -bexanol, 2-hexanol, 3-hexanol. etc.; as wefl as phenol, benzyl alcohol, etc. One or more of 
these may be used either singly or as combined. 

[00 56] As other starting materials for the polyamidates, further employed are diamines. 

[0057] Oiamines having an add group such as a carboxyl group, a phenolic hydroxy! group or the tike are mdispen- 
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sable to polyamidates such as (hose mentioned above and also polyamkSc acid amides and polvimides that have no 
carboxyl group to be derived from tetracarboxyik: acids, lor the purpose of making the polymers soluble in an aqueous 
alkaline solution. As the diamines of that type, for example, preferred are aromatic diamine compounds such as 2,5- 
diarntnobenzoic acid. 3,4-<fiamtnooenzoic acid, 3,5KfiarrtlrtoberiZD}c add. 2,5-<faminoterephtha!ic acW. Ws{4-amino-3- 

5 eartxKyphenyiJrnethyiene. bte(4-aminc-3<amoxyphenyl) ether, 4.4 , -diainirK>-3,3 , -dicaJboxyt)iphenyt, 4.4 , -dlam^no•5.5 , • 
tficart)0xy-2 t 7^imethytblphenyl, 1,3^amino^-hydroxyben2ene, 1,3<fianTlno-5-hvdroxybenzene, ^-diamino^'- 
(fihydroxybiphenyl, 4,4'Kttam!no-3,3'-dihydn^ 2,2^(3-amino^-hydroxypheiiy!)propane, bfc(4-amlno-3- 

hytfoxyphenyijpropane, t»s<3-annirKM-rTy^oxypnenv1) sulfone, Ws^-afrUrwO-hydrc^^ Ns{3-amJno^- 
hydroxyphenyl) ether, bfc(4 -amtm>3-hvdroxyphenyI) ether, 2,2-bis<3-am»no^-rtydrc*^ 2,2- 

n tts(4-amlno-3-hy<Jraxvprienyt)r«xatluor^ etc. One or more of these may be used either singly or as combined. 
[0058J As diamines having neither a carboxyl group nor a phenolic hydroxy! group, for example, preferred are aro- 
matic diamine compounds such as 4,4'^iarnirKxfiptenyl ether, 4,4'^Jiarntnoolphenvtmethane. 4.4'-diamlnoolphenyl sut- 
tone, 4,4 , -diamino<Sphenvl sulfide, benzidine, rrnpherivtenedamlne, p-phenytenedlamlne, 1.5-naphthalenedlamine. 
2,6-rtaphthatenediamine. t^4^minophenoxyphenyl) sulfohe. bis(3-aminophera>xypherrvf) sulfone, bis(4-aminophe- 

i5 noxyjbiphenyl, bisl4-t4-arninophenoxy)phenytl ether, l,4-bis(4^rninc*>henoxy)benzene, 4 ,4'-diamino-2 ^'-oimetriyrw- 
pherryl. etc. One or more of these may be used either singly or as combined 

10059] As sua other diamines which are for Improving the heat resistance of the polymers, optionaDy employable 
herein are diamine compounds having a sutfonamWo group or a carbcxamkJo group, for example, 4,4'-diaminocnpbe- 
nytelheJ-3-sultonaTTttde, 3,4^<Saminodipr>eriyletrie^ S.tfKJiaminoolphenylether-y-sutfo^ 3.3- 

20 dianinaJiphenytemer-4-sufforiamide, 4.4'Kfiarrwx>dipherryteto^ 3,4'^amirKxlipherr/tether^-carboxa- 
mWe. 3,4'-dlamlr¥)<lphenyte1her-3*-carrx»xamlde, S.T-^arrtnodiphenvlether^^arboxamWe, etc. One or more of these 
may be used, whSe combined with the diamines noted above. If combined, it is desirable that the amount of the addi- 
tional dfcmine is at most 15 mof%. more preferably ai most 10 mol% of the total amourt of al diamine compounds used. 
(0060] In producing the potyarradates for use In the Invention, tetracarboxvfic add d) esters are prepared. One 

25 method of preparing the tetiaxarbcavtic acid diesters comprises, tor example, mixing a tetracarbcaylic acid dianhydride 
such as that mentioned above and an alcohol compound such as that mentioned above, in an organic solvent In the 
presence of a base. 

10061 J In that method, the ratio (by mol) of the tetracarboxylic acid dianhydride to the alcohol compound preferably 
falls between 1/2 and 1/2.5. as the ratio of the former/the latter, but is most preferably 1/2. The ratio (by mol) of the tet- 
3d racaJboxyfic acid diarVrydride to the base preferably falls between 1/0.001 and 1/3. more preferably between 1A.005 
and 1/2, as the ratio of the former/the latter. The reaction temperature preferably tails between 10 and 60*0, and the 
reaction time preferably talis between 3 and 24 hours. 

(0062) The method of producing tetracarboxylic acid diester dichtorides is known. For example, thtonyl chloride is 
dropwise added to and reacted with a tetracarbaxytic acid diester as dissolved in an organic solvent to obtain them. In 
35 this reaction, the ratio (by mol) of the tetracarboxylic acid diester to the thtonyl chloride preferably fats between i/l . 1 
and 1/2.5, as the ratio of the former/the latter, but more preferably between 1/1.5 and 1/2.2. The reaction temperature 
preferably falls between -20 and 40*C. and the reaction time preferably fails between 1 and 10 hours. 

10063) The polyamidates may be prepared, lor example, as toflows: A diamine compound such as that mentioned 
above, and a ctehydrohatogenating agent such as pyridine or the like are dissolved in an organic solvent, then a tet- 

40 racarboxyfic add diester dihalide as dissolved In an organic solvent Is added to and reacted with this, and thereafter the 
resulting reaction mixture is poured into a bad solvent such as water or the Ike. The precipitate thus formed is taken out 
through filtration and dried to obtain the intended product, poryamidate. to this process, the ratio (by mol) of the total 
amount of the diamine compound to the tetracarboxylic acid diester dihalide preferably falls between 0.6/1 and 1/0.6, 
as the ratio of the former/the latter, but more preferably between 0.7/1 and 1/0.7. The reaction temperature preferably 

45 falls between -20 and 40°C, and the reaction time preferably falls between 1 and 10 hours. The ratio (by mol) of the 
dehydrohaiogenatmg agent to the tetracarboxylic add diester dihalide preferably Tate between 1 .8/1 and 22/1. as the 
ratio of the former/the latter, but more preferably between 1.971 and 2:1/1. 

10064) In the production of the pdyamidates. where the additional diamine compound not having any acid group 
such as a carboxyl group, a phenolic hydroxy! group a the tike Is used, the ratio of the diamine compound having an 

so acid group to the additional dramine compound not having an add group is preferably such that the amount of the 
former falls between 20 and 100 mor% whSe the amount of the tatter fans between 0 and 80 mor%. to this, the total 
amount of me diamine compounds used shall be 100 mof%. More preferably, the amount of the former taDs between 40 
and 100 mor% while the amount of the latter fafc between 0 and 60 mof%, and the total amount of the diamine com- 
pounds used shall be 100 mom. The former diamine compound having an add group is for making the resulting 

55 poryamidates soluble tn an aqueous alkaline solution. If its amount is smaller than 20 mot%, the sensitivity of the com- 
position containing the polymer may be low, and the developing time for the composition may be long. 
(0065] Poryamidates having an add group tor use in tne Invention are described in detail hereinabove. For produc- 
ing rxrfyarracfic acids which are also usabte herein as the component (a), it is not always necessary to use diamine com- 
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pounds having an acid group such as a carbcxyi group, a phenolic hydroxyl group or the Bke. This is because potyamidlc 
adds have carboxy! groups that are the residues of tetracartooxyfc acids used for producing them. Poryamidic adds 
may be prepared through direct reaction of a tetracaiboxytic acid dianhydride and a diamine such as those mentioned 
above, In an organic solvent. 

5 10066) Also usable herein are poryarrtfdates not raving an add group In tne diamine residue. In which a pan of the 
ester moiety shall have a free carboxyt group. Potyamtdates of that type may be prepared through reaction of a tetracar- 
boxytic acid dlanhvdrtde, a tetacarboxyflc d tester dihatide and a diamine such as those mentioned above. 
(0067] For producing potyamidic add amides and potyimides for use in the invention, generally used are diamine 
compounds having an acid group such as a carboxyt group, a phenolic hydroxy! group or the like in order that the pory- 

io amkfic add amides and potyimides produced could be soluble In an aqueous alkaline solution. For the ratio of the 
diamine compound to any other diamine compound not having an add group such as a carboxyl group, a phenolic 
hydroxy! group or the like In producing them, referred to to the same as that mentioned hereinabove in the case of pro- 
ducing poryam "dates. 

[0068] Briefly. poJyarredic acid amides may be produced in the same manner as in the case of producing poryami- 
• is dates mentioned hereinabove, except that monoamine compounds are used in place of alcohol compounds. The 
monoamine compounds Include, tor example, rriethylarrtine. ethytanrone. ^propylamine, Iscoropytamine, n-butvtarnine, 
sec-butytamlne, tert-bulylamhs, Isobutytamino, 1-pentyiamine, 2-pentytamtne. 3-pentylamine. tsoamytamlne, 1-hexy- 
lamme, 2-hexytamlne, 3-hexytamine. morpholine, aniOne, benzylamlne. etc. 
{0069] Polyirrides may be produced from those potyamidic acids through dehydrating ring closure 
X [0070] The compound capable of generating an acid when exposed to fight, which is used as the component (b) in 
the Invention, Is a photosensitive agent. When exposed to light, this generates an add, thereby Increasing the solubility 
of the exposed area of the polymer composition m an aqueous alkaline solution. The compound is not specifically 
defined, including, lor example, o-quinonediazide compounds, arytdiazonium salts, dtarytiodonium salts, triarylstfto- 
nium salts, etc. Preferred are o-qulnonediazide compounds as having high sensitivity. 
25 [0071] O-quinonediazide compounds have a site capable of being converted into a carboxytic add when exposed 
to Ight They are produced, for example, through condensation of an o^'nonedlazictosuJfonyl chloride with a hydroxy 
compound and/or an amino compound In the presence of a dehvdrocWohnatmg agent 

[0072] The o-quinonecSazidosulfonyl chlorides include, for example. 1,2-benzoquinone-2Kiiazklo-4-sulli)nyl chlo- 
ride. l,2-naphmoo^jnone*2-<^do-5sulfonyl chloride, 1 ,2^phthoquirx)ne-2KJbzio^>4-suJxTiyt chloride, etc. 

so [0073] The hydroxy compounds include, for example, hydroquinone, resorcinol. pyrogaDol. bisphenol A. tris{4- 
hydroxyphenyl)methane, 2,2-bis<44iydiox)'pheny0hexafluor^ 2,3,4-mhydrcaybenzcohenone, 2.3.4.4-tetrahy- 
droxybenzophenone. 2XMMetrahydxc«vbenzophenone, 2,3,4^ t Ts)entahydraxybenzophenone. 2,3.4 f 3\4'.5 , -bex- 
ahyc&oxybenzophenone. bts<2,3.4-biliydroxyph8ny1)r^ 2,2-bis{2,3,4-tn7!ydraxypherry^^ 4b,5,9b,1u\ 
tetranydro~1.3,6,8-tetrahycto 1,1.1- or 1.1,2-lri${4- 

35 hydraxyphenyl)ethane. etc 

[0074] The amino compounds Include, for example, p-phenylenediamine. m-phenytenediarnine. 4,4 , -diaminodiphe- 
nyl ether. 4,4'-dlaminodiphenytmetharie. 4,4 , -dtaminodlphenvl sulfbne. 4,4'-diamtnodipheny1 sulfide, o-amtnophenol. m- 
amlnophenot. p-aminophenot 3, J-diamrrx>4 .4,^iriydroxyblphenyl 4.4 , -<Jiamino-3.3 , -djhydToxvblpher^ 2,2-bisO 
amino-4-hycfroxyphenyl)prop3ne, 2,2-t^4-arnino-3-hydroxyDtierryI)propa bisf>arnino^-hydruxvpherryf) suBone. 

*o bls(4-amlno-34iydroxvp1»nyl) sultone. 2.2-«s(3-aniirK>4-lwoVoxyphenyl)te^^ 2,2-bls(4-amlno-3- 
hyd>oxyi)henyl)hexaffuoropropane. etc 

[0075] For their condensation, it is desirable thai the o^irtonediazidosurfonyl chloride and the hydroxy compound 
and/a the amino compound are so controled that the sum total of me rrydroxy group and the amino group is from 0.5 
to 1 .2 equivalent relative to one mol of the cMjutnonectiazidosuBonyt chloride. Preferably, the ratio of the dehydrochJo- 
«s mating agent to the o^uinonediazxJosuttonyl chloride (alls between 0.65/1 and 1/0.95. 

[0076] Also preferably, the reaction temperature tans between 0 and 4Q*C, and the reaction time tails between 1 
and 10 hours. 

[0077] As the reaction solvent usable is any of dtoxane, acetone, methyl ethyl ketone, tetrahydrofuran. diethyl 
ether, rmethytpyrrolldone, etc 

so [0078] The dehydrochtomating agent includes, for example, sodium carbonate, sodium hydroxide, sodium hydro- 
gencarbonate, potassium carbonate, potassium hydroxide, trimethylarnine, thelhytamtne, pyridine, etc. 
[0070] in the photosensitive polymer composition of the Invention, the amount of the component (b) preferably (ails 
between 5 and 100 parts by weight more preferably between 8 and 40 parts by weight relative to 100 parts by weight 
of the component (a), in view of the dissolution rate difference between the exposed area and the non-exposed area of 

96 the film of the composition, and of the latitude in thesensrtrvftyc4thecornposition. 

[0080] The component (c) to be in the composition of the invention is a compound having a phenolic hydroxy! group. 
Adding the component (c) to the polymer composition increases the dissolution rate of the exposed area of the Trim of 
the composition being developed with an aqueous aixaSne solution, thereby increasing the sensitivity of the composi- 
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tjon The component (c) does not include the rjoryimrdes and the pofytrnWe precursors that serve as the component (a). 
1008 11 The component (c), tf having a targe mdecutar weight, wil retard Us effect of promoting the dissolution of the 
exposed area of the film of the composmon. tn general, therefore, compounds having a molecular weight of at most 
1,500, more preferably at most 1,000 are preferred for the component (c) The component (c) preferably has a molec- 
ular weight of at least 100. wwnfVWinl , . nr(> „_ 
(0082) Preferred examples of the compound having a phenolic hydroxyl group for the component (c) are com- 
pounds of the foltowwig general formula (II) having an amino group and a phenolic hydroxyl group, compounds of the 
following general formula (III), and compounds of the following general formula (rV) havfng a methytoi group and a phe- 
nolic hydroxyl group. 

OH OH 

(ID 



20 wherein X represents a single bond or a divalent group; R 4 and R 6 each inoependentfy represent an alkyt group; and 
m and n each Independently represent an Integer of from 0 to 3. 

OB OH 

(R*)p (R 7 )« 

30 • 

wherein Y represents a single bond or a divalent group; R fl and R 7 each independently represent an alkyl group; and p 
and q each independently represent an integer of from 0 to 3. 

OH OH 

(IV) 



( HOCH, *T<^— z CH 7 OH), 



(R f )t (R')o 



wherein Z represents a single bond or a divalent group; R 8 and R 9 each independentty represent an alM grixjporan 
alkenyl group; r and s each independently represent 1 or Z and t and u each independently represent an integer of from 

Ot0 3. ™_a^« 

10083] Of compounds having a phenolic hydroxyl group, those of formula (II) are preferred, as the composition com- 
prising any of them has a high degree of resolution. In formula (II). the divalent group of X includes, for example, an 
alKytene group having from 1 to 10 carbon atoms such as a methylene group, an ethylene group, a propylene group, 
etc • an alKyWene group having from 2 to 10 carbon atoms such as an ethytidene group, a 22-propylidene group, etc.; 
an arylene group having from 6 to 30 carbon atoms such as a prterrylene group, etc.; thow 
rrydrogen atoms are all or party substituted with a halogen atom such as a fluorine atom, etc; a sutone group, a car 
bS^oup. an ether bond, a thbether tx.rd. an amklo bond ar^l the 6ke, and also includes a divatent organic group of 
a general formula: 
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-46-4: 

wherem X' is selected from a single bond, an afcyiene group (tor example, hating from 1 to 10 carbon atoms), an alky* 
dene group (for example, having from 2 to 1 0 carbon atoms), those groups where hydrogen atoms are ail or partly sub- 

ro strutted with a halogen atom, and also from a suffone group, a carbonyt group, an ether bond, a thloetner bond, an 
amido bond and the like, and plural X*. if any, may be the same or different; R 15 represents a hydrogen atom, a hydroxy! 
group, an afryl group, or a halogenoalkyt group, and plural R 10 *s, if any, may be the same or different; and aa falls 
between 1 and 10. tn formula (II). the atkyl group for R 4 and R 6 may have, for example, from 1 to 10 carbon atoms, 
including, for example, a methyl group, an ethyl group, etc 

ts [0084] Of compounds of formula (II), preferred are those where X is selected from the following groups: 



CP 3 



I 

CF 3 



I 



O 

II 



t 

CH 3 



II 
O 



as the composition comprising any of them has a high degree of resolution. 
25 10085) Specific examples of the compounds of formula (II) include 3,yKJiarntno-4,4'-dihvdroxybiphenyl, 4,4*- 
diarrtno-3,3*^lhyu^oxybiph^rTyl. 2,2-tts(3-amino^^ydroryprx^ propane. 2,2-Ws(4-amirx>-3^roxyphenyl)pro- 
pane, bis( 3-amlrx)-4-hydroxypheny1 rsutfone, bis{4*mino-3-hy#oxyphenyt) sultone. tts(3-anwo^-hydroxyphenyl) 
ether, bis(4-amiTK>-34rydroxypheny1) ether, 2.24HS(3^mnxM4iYdroxyr*en^ 2,2-bis(4-amjno-3- 
hyo>oxyphenyl)hexarluoropropane t 




etc. Of those, especially preferred is 2£4»s(3-amino^4wdroxyphen^ as its capacities to 

43 increase the sensitivity and the resolution of the composition comprising it are good. 

[0086] Compounds of formula (III) are also preferred, as well improving the resolution of the composition compris- 
ing any of them, tn formula (111), the divalent group of Y includes, for example, an alkylene group having from 1 to 10 
carbon atoms such as a methylene group, an ethylene group, a propylene group, etc.; an alkyfidene group having from 
2 to 10 carbon atoms such as an ethyl Wene group, etc.; an arylene group having from 6 to 30 carbon atoms such as a 

io phenylene group, etc.; those riydrocamon groups where hydrogen atoms are all or partly substituted with a halogen 
atom such as a fluorine atom, etc.; a sutfone group, a carbonyl group, an ether bond, a thtoether bond, an amido bond 
and the like, and also includes a divalent organic group of a general formula: 



55 
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-■w-'-h 

wherein Y is selected from a single bond, an afkylene group (for example, having from 1 to 10 carbon atoms), an afKyil- 
dene group (tor example, having from 2 to 10 carbon atoms), those groups where hydrogen atoms are all or partly sub- 
stituted with a halogen atom, and also from a sultone group, a carbonyl group, an ether bond, a thioether bond, an 
amido bond and the like, and plural Vs. ff any. may be the same or different; R 16 represents a hydrogen atom, a hydroxy! 
group, an alkyt group, or a hatogenoaBcyl group, and plural R 1ft s. If any. may be the same or different; and ab falls 
between 1 and 10. Y in formula (HI) further Includes a divalent organic group of a general formula: 



wherein V Is selected from a single bond, an afkylene group (for example, having from 1 to 10 carbon atoms), an alkyli- 
dene group (for example, having from 2 to 10 carbon atoms), those groups where hydrogen atoms are all or partly sub- 

25 stituted with a halogen atom, and also from a sultone group, a carbonyl group, an ether bond, a thioether bond, an 
amkJo bond and the like, and the two Vs may be the same or different; R and R 1 * each Independently represents a 
hydrogen atom, or a monovalent organic group. The monovalent organic group for R 17 and R ie Includes, for example, 
an alky! group (for example, having from 1 to 10 carbon atoms), an aryl group (for example, having from 6 to 20 carbon 
atoms), a hydroxyaryl group (for example, having from 6 to 20 carbon atoms), etc 

30 (0087) Of those groups, a divalent organic group having one or more aromatic rings is preferred for Y 

(0088) Specific examples of the compounds of formula (111) include biphenol, bisphenol A, btsphenol F, bts(2- 
hydrQxy-5^myforwnyl)metnane, 4,4'-dBrydroxybenzopherx)ne. tjis(4^ydroxyphenyl)methane, 2,4\4"-methylldenetri- 
sphend. 1.1.1- or 1,1,2-tjis(44»ydfCorypr»enyl)eth3ne, 1.1,1- or 1,1 ,2^ris(4-hydfwy-2^thylpheny1)ethane. 2.6-bis{(2- 
rrydrpxv-5-methvtot>eny^ ^.^^-/^l^-ethanednWeneJletrakisphenol, 2^-melhYlenebtel> 

35 l(2-hydrc*y-5^thy1pr^ etc. 

[008 9 J For the component (c) for use in the invention, also preferred are compounds having a methytol group and 
a phenolic hydroxyl group, as they Increase the dissolution rate of the exposed area of the film of the composition being 
developed with an aqueous afcaline solution, and prevent the patterned film being cured from being fused away. For the 
compounds having a methytol group and a phenolic hydroxyl group, preferred are those of formula (IV) mentioned 

«o above, as their capabilities are good. 

10090] In formula (IV), the divalent group of Z includes, for example, an atkylene group having from 1 to 10 carbon 
atoms such as a methylene group, an ethylene group, a propylene group, etc.; an alkylidene group having from 2 to 10 
carbon atoms such as an ethytidene group, etc.; an arylene group having from 6 to 30 carbon atoms such as a phe- 
nytene group, etc; those hydrocarbon groups where hydrogen atoms are aH or party substituted with a halogen atom 

45 such as a fluorine atom, etc.; a sultone group, a carbonyl group, an ether bond, a thioether bond, an amido bond and 
the like, and also Includes a divalent organic group of a general formula: 



56 wherein Z is selected from a single bond, an afkylene group (for example, having from 1 to 1 0 carbon atoms), an alkyli- 
dene group (for example, having from 2 to 10 carbon atoms), those groups where hydrogen atoms are all or partly sub- 
stituted with a halogen atom, and also from a sultone group, a carbonyl group, an ether bond, a thioether bond, an 
amido bond and the like, and plural Z7s, if any, may be the same or different; R 18 represents a hydrogen atom, a hydroxyl 
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group, an afcyi group, or a rulooenoafkyl group, and plural R 1&, s, if any, may be the same or different; and ac falls 
between 1 and 10. 

10091] Of compounds of formula (IV), preferred are those where Z represents a group of: 

* h 

I 

-c- 

I 

A 

to 

wherein two A"s each independently represent a hydrogen atom, or an aihyt group having from 1 to 10 carbon atoms, 
as their capabilities are good. 

{0092] Specific examples of the compounds of formula (IV) include 3,3'-rrwrny»enebrstf4Tytiraxy-^ 
is emethanol). 4,4M1^tJtfethylictene)bis[^ 3,3\5,5Metrakis(hyoYco<^ 

blphenyfK4'-<foO. 4.4X1 ^thyiettiylktene)c*p,^ 2,7-n»ethylenet)}s<4 > 6-btehy- 

droxyrrathytphenoO. 2,6-Ws((2-lTVdrcrty-3^ydTOxyT^ etc. 

[0093] Of those, most preferred b 3.3'-rr^lTytenetf3<2-rrvdr^^^ as being the most 

effective. 

so [0094] In the photosensitive pofymer composition of the invention, the amount of the component {c) preferably falls 
between 1 and 30 parts by weight, more preferably between 5 and 20 parts by weight, relative to 100 parts by weight 
of the component <a), in view of the development time tar the composition and of the latitude in the film retentiveness in 
the non-exposed area. 

[0095] Preferably, the composition of the invention additionafly contains, along wfth the component (c) noted above, 
25 a dissolution retardant for the component (a) in an aqueous alkaline solution, as an optional component (d). The Disso- 
lution retardant is a compound effective for retarding the dissolution of the component (a) in an aqueous alkaline solu- 
tion. As combined with the component (c). the component (d) acts to tower the dissolution rate of the non-exposed area 
when the exposed film of the composition is developed with an aqueous alkaline solution, whereby the sotubitity tfffer- 
ence between the exposed area and the non-exposed area is ^creased to give better patterns. 
so [0096] As the component (d), preferred are onwm sails, c5aryt compounds and tetiaalkylamrnonium satis. The 
orrium salts include, for example, todonium salts such as cSarytatonium salts, etc.; sutfonium salts such as triarytsuJfo- 
nium sans, etc.; phosphonium salts; dia2onium salts such as arytdiazortum satis, etc The diary! cwnpounds include, 
for example, those having two aryt groups as bonded to each other via a bonding group therebetween, such as cSaryi 
sulfones, diary! ketones, dlarv! ethers, dlaryjpropanes, darylhexanuoropropanes, diaryiurea compounds, etc The 
35 tetraalKvtammonium salts in etude, for example. tetraaKytammonium halides in which the alky! group may be a methyl 
group, an ethyl group or the *e. 

[0097J Of those, the dJssofutkxvretardlng effect of diaryOodonlum salts, diary! sutfone compounds. cUaryturea com- 
pounds and tetramethytammonium halide compounds is good. For example, the diaryfiodontm salts include diphenyi- 
odontum salts and their derivatives; the diaryiurea compounds indude diphenyiurea. dinwthylc^henyturea. etc ; the 
40 diary! surtone compounds Include cSphenyt sutfone. dimeflrytdtpherryl sutfone, etc.; the tetramethylammonlum halide 
compounds indude tetranwthytemmonium chloride, tetramethytammonium bromide, tetran^ethytammoniuni bcSde. etc. 
[0098] Above al. preferred are daryfcodonium safts of the tallowing general formula (V): 

^i*^-x' ' <v> 

so 

wherein R 10 and R n each Independently represent a rnonovatent organic group (rxeferably having from 1 to 20 carbon 
atoms), for example, an afKyl group such as a methyl group, an ethyl group, a propyl group or the like, or an afkoxy group 
such as a methoxy group, an ethcocy group, a propoxy group or the fike, or an aryl group such as a phenyl group or the 
like, and R 10 * and R 1 N may be the same or different; v and w each independently represent an Integer of from 0 to 5; 
96 and X* represents a counter anion. Preferred examples of the counter anion indude nitrate ions, sutfonato ions, iodide 
ions, borato tons, etc 

[00991 Specific examples of the compounds of formula (V) include ctiphenyllcKJonium nitrate, diptenyixxJoraum trU- 
luorometnanesulfonate, cSpherrytioctonium rianoftuorotxrJanesutfonate. d^erwliodonium totuenesultonate. diphenySo- 
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donim chloride, diphenySodonium bromide, dtohenvliodonium iodide, cfcphenytiodoniurn hexafliiorophosphate, 
diptenyllodonjum 9,1Mn>eihxx<yanthr3cene-2-su1tonate, dipherrytiodonhim 8-aniimonapmr>atene-Vsunonate. 4-meth- 
CKydipheiiyfiodoniurn nitrate. 4^th<^iphenytkxtonium frifluoromelhanesutfonate, 4,4'KW-butyt(Spherryikxtonium 
bifluoromethanesultonale, etc. 

5 (0100) In the photosensitive polymer composition of the invention, the amount of the component (d) preferably falls 
between 0.01 and 15 parts by weight more preferably between 0.05 and 10 parts by weight, retafive to 100 parts by 
weight of the component (aX in view of the sensitivity of the composition and of the latitude in the development time for 
the composition. 

|0101] The photosensitive polymer composition of the invention may be prepared by dissolving the components (a). 
to (b) and (c) and optionally (he component (d) and any other optional components in a solvent 

(0102) As the solvent, tor example, preferred ks an aprotic polar sorveni'such as Nwrtf hyl-2-pyrFoiidone, N.N- 
dmethvttorriiamide. N,N-dimethylacetam>de, dimethyteurfaxkJe, hexarnethytphosphoramide, tetramethyiene sultone, y- 
buryroladone, etc. One or more of these may be used either singly or as combined. 

(0103] For the purpose of improving the coa lability of the composition, any other solvent, such as diethyl ketone, 
i5 dTtsobutyt Ketone, methyl amy! Ketone, ethyl lactate, propylene glycol monomethyi ether acetate or the like, may be com- 
bined with the solvent noted above. 

(0104) If desired, the photosensitive polymer composition of the invention may optionally contain, as an adhesive- 
ness promoter, any of organic sSane compounds, aluminium chelate compounds and poryamidic adds having repetitive 
units of the following general formula (VII): 

20 

O OH R» / R" \ H 

R II I I / I \ I 
^C-tf^0-N-I?^Si-4-0~Si l-rf^N-i— (VII J 

35 (COOH), R» V *" A 



wherein R 20 represents a tetravalent organic group; R 21 represents a divalent organic group; R 22 represents a mono- 
30 valent organic group; and z represents an integer of 1 or more. 

(0105) The organic silane compounds include, for example, rarninopropvlUimethaxysilane, y-amirwpfopyltriemox- 
ysllane. vtnyltriethoxysRane, r^<^xypropyttriethoxysilane. 7-memacryloxypropynhnwthoxysilane, ureklopropyltri- 
ethoxysilane. etc 

(0106) The alumfnium chelate compounds Include, tor example. m^acetytacetonato)alurninlum. acetytacetatoalu- 
35 mmrum dssopropytate. etc. 

(0107) In the potyamidic acids having the stfoxane structure that comprises the repetitive units of formula (V!|), (he 
tetravalent organic group represented by R 20 is a residue of a tetracarboxyflc add dlanhydrlde that may be the starting 
compound for pofytmides. and It is preferably a tetravalent aromatic or aliphatic group, more preferably having from 4 to 
40 carbon atoms Even more preferably, a is a tetravalent aromatic group having from 6 lo 40 carbon atoms It is desfr- 

*o able that, In the tetravalent aromatic group, the four bonding sites are an on the aromatic ring. The bonding sites are 
grouped into two pairs, and it is desirable that the two bonding sites of each one pair are positioned in the ortho-or peri- 
posr&on in the aromatic ring. The two pairs of the bonding sites may be on one and the same aromatic ring, or may be 
on dHTerent aromatic rings as bonded to each other m any desired bonding manner. 

(0108) In formula (VII), the part as sandwiched between the two R 2 Vs is a residue of a sib coned iamine compound 
45 from which the amino groups are removed, and it is desirable that this part has from 6 to 40 carbon atoms in af . The 

divalent organic group represented by R 21 preferably has from 1 to 10 carbon atoms, Including, for example, an alkytene 
group, a phenylene group or the like in which the number of carbon atoms fafls within the preferred range as above. 
Those two R^'s may be the same or different. The monovalent organic group represented by R 22 preferably has from 
1 to 6 carbon atoms, mctuding, for example, an aftyl group or a phenyl group tn which the number of carbon atoms tafls 
so within the preferred range as above. 

(0109) In the composition of the Invention, the amount of the adhesiveness promoter, If any, preferably falls between 
0.1 and 20 parts by weight, more preferably between 0.5 and 10 parts by weight, relative to 100 parts by weight of the 
component (a). 

10110) The photosensitive polymer composition of the Invention may be formed Into polyirnide relief patterns In a 
55 process composing a step of applying the composition onto a substrate and drying it thereon, a step o1 exposing it. a 
step of developing it and a step of heating it 

(011 1) in the coating and drying step, the photosensitive polymer composition Is applied onto a substrate of, for 
example, glass, semicondudors, metal oxide insulators (e.g., TiO^ SiO^, etc.), silicon nitride or the liKe, through spin 
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coating with a spinner or the fike, and then dried thereon, for example, on a hot plate or in an oven or the Dke. 
[01 12] In the next exposing step, the 0m of the photosensl&ve polymer composflton formed on the substrate b 
exposed to active rays, such as ultraviolet rays, visible rays, radiations or the GKe, vta a mask. Especially preferably, it is 
exposed to Mine (a single wavelength light of 365 nm). as being able to be patterned at high resolution 
5 [0113] to the next devetoptig step, the exposed area is removed with a developer to term s pattern on the substrate. 
As preferred examples of the developer, mentioned are aqueous alkaline solutions of, for example, sodium hydroxide, 
potassium hydroxide, sodium sfficate, ammonia, e thiamine, diethytamine, triethylamine, trtethanotemlne, tetramethyl- 
ammonlum hydroxide or the Ske. The base concentration in those aqueous solutions preferably fats between 0.1 and 
10% by weight 

to [01 14] If desired, the developer may adrffionally contain any of alcohols and surfactants. The amount of the ackfidve 
preforabfy falls between 0.01 and 1 0 parts by weight, more preferably between 0. 1 and 5 parts by weight, relative to 1 00 
parts by weight of the developer. 

[01 15) In the next heating step, the pattern formed in the previous step is heated preferably at a temperature faffing 
between 150 and 450*0. whereby it is formed mto a relief pattern of a heat-resistant potyimide having irrrido rings and 
w any other cyclic groups. 

[01 16] The photosensitive polymer composition of the invention may be used In electronic parts such as semicon- 
ductor devices, multi-layered interconnection boards, etc. Concretely, ft may be used for forming surface-protecting 
films and intertayer insulating films in semiconductor devices, or tor forming Intertayer insulating films in muttMayered 
interconnection boards, etc. 

x [0117] The semiconductor devices of the invention are not specfficatty defined so far as they have surface-protect- 
ing films or intertayer insulating films made from the composition, and may have various structures. 
[01 18] One example of the process for fabricating the semiconductor device of the invention is mentioned below. 
[01 19] Fig. 1 A to Fig. 1 E show a process for fabricating a semiconductor device having a mufti-layered interconnec- 
tion structure. As illustrated, the semiconductor substrate 1 of, for example, Si or iheRke which has a circuit element 

a thereon is coated with a protective film 2 of, for example, silicon oxide or the fike, except for the predetermined part of 
the circuit element, and a first conductor layer 3 is formed on the exposed circuit element The semiconductor substrate 
is coated with a film 4 of. for example, a porymide resin or the fike that ads as an Intertayer insulating film, according to 
a spin-coating method or the fike (step of Fig. 1A). 

[01 20) Next, a rubber chloride- based or phertol novolak based, photosensitive resin layer 5 te formed on the inter- 
so layer insulating film 4 according to a spin-coating method, and windows 6A are formed, through whkri a prea^errnined 
part of the intertayer insulating film 4 is exposed outside, according to a known photo-engraving technique (step of Fig. 
1B). 

[0121] The intertayer insulating film 4 below each window 6A is selectively etched according to a dry etching 
method for which is used oxygen, carbon tetraffooride or the Idee vapor, to give wixJows 6B. Next, the photosensitive 
35 resin layer 5 is completely removed with an etching solution capable of etching the photosensitive resin layer 5 only, but 
not etching the first conductor layer 3 exposed outside through the windows 6B (step of Fig. 1C). 
[01 22] Next, according to a known photoengraving technique, a second conductor layer 7 Is formed, which is com- 
pletely electrically connected with the first conductor layer 3 (step of Fig. 1D). 

[0123] For forming a muttMayered interconnection structure having 3 or more layers, the steps illustrated are 
«o repeated for each layer. 

. [0124] Next, a surface-protecting film 8 is formed (step of Fig. 1 E). In this example illustrated, the surface-protecting 
film is formed according to a spin-coating method, in which the photosensitive polymer composition of the rnvenhon is 
applied onto the wafer and dried thereon, then this Is exposed to light vta a mask having a pattern for windows 6C to be 
formed in predetermined parts, and thereafter developed with an aqueous alkaline sotubon to give a predetermined pat- 
43 tern, and the pattern is then heated to be of a potyimide film. The potyimide film protects the conductor layer from exter- 
nal stress, o-rays and others, and the semiconductor device thus fabricated has good refiabUlty. 
[0125] In the example illustrated, the intertayer insulating film may also be formed from the photosensitive polymer 
composition of the invention. 

[0126] The invention Is described in more detail wtth reference to the following Examples, which, however, are not 
so intended to restrict the scope of the invention. 

Example 1 

[01 2?*] 17.37 g (0.056 mote) of 3,3\4,4'-olphenytether-tetjacartX)xy1ic acid dianhydride, 8.30 g (0.1 12 mots) of n- 
55 butyl alcohol. 0.28 g (0.0028 mote) ol triethylamine, and 47.7 g of riniethylpyrrctfdone (NMP) were put into a 0.3-Mei 
flask equipped with a stirrer and a thermometer, and stirred and reacted therein at room temperature for 6 hours to 
obtain an NMP solution (a) of dHvbutyl 3.3\4.4'-dir^enytetriertetracarboxyiate. 

[01 28] On the other hand, 5.23 g (0.024 mote) of pyromeflitic acid dianhydride. 1 .54 g (0.048 mote) of methyl alco- 
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hot, 0.12 g (0.0012 mote) of triethylarnine, and 12.6 g of NMP were pul into a 0 .3-liter flask equipped with a stirrer and 
a mermometer. and stirred and reacted therein at room temperature for 4 hours to obtain an NMP solution <e) of dime- 
thyl pyromeJ&tate. 

[01 29] Next , the NMP solution (fi) of dimethyl pyromeKtate was added to the NMP solution (a) of di-n-butyt 3,2 A A'- 
diphenyletrieMetrecarboxytate, and the flask containing them was cooled to 0°C, to which was dropwise added 17.19 
g (0.144 mote) of thwnyl cWoride, and reacted therewith for 1 hour to obtain a mixed solution fy) of di-n-buryt 3.3T.4.4'- 
dphenytether-retracartxwytate tfchloride and dimethyl pyromelltate dichloride. 

|0130] On the other hand, 105 g of N-methytpyrroildooe was put into a 0.5-fter flask equipped with a stirrer and a 
thermometer^ to which was added 26.37 g (0.072 mots) of 2,2^3-anwc>44Tydroxyphenyt)nexaf)uoroprx)pane, and 
dissolved with stirring. Next, 22.78 g (0.288 mote) of pyridine was added thereto, and thereafter the mixed solution (y) 
of di-n- butyl 3,3',4 ,4 '-di pnen ytether-te traca rboxytate dichloride and dimethyl pyromelltate dichJoride was dropwise 
added thereto over a period of 20 minutes with the temperature in the flask being kept at 0 to 5°C and then further 
stirred for 1 hour at a temperature of 30»C. Trie resulting solution was poured into 3 filers of water, and the precipitate 
thus formed was coBected, washed and then dried under reduced pressure to give a potyamidate (5). 
[0131] 15.00 g of the polyamidate (6), 2-25 g of an c/thoautnonediazide compound as prepared by reacting tris(4- 
hyoWyphenyt)methane and 1,2-rtapMrKXjiimone-2K^dcHt-suJforryl chloride in a ratio by mot of V2.9, 1 .5 g of txs{3- 
amlrKH4r^oxypnfinyt)^QX3nucropropariG. and 0.30 g of a methanol solution of 50 % ureto^propyttrietrxjxysfiane were 
dissolved in 24.47 g of N-methytpyrrolidone with stirring. The resulting solution was littered under pressure through a 3 
urn-Teflon filler to obtain a photosensitive polymer composition. The orthoquinonediaiide compound prepared as 
above had the folowrng structure. 
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(0132] The thus-obtained photosensitive polymer composition was applied onto a silicon wafer through spin-coat' 
tag, using a spinner, and then heated and dried on a hot plate at 110°C tor 3 minutes to form a 7.5 um ttm on the water. 
The film was then exposed to Mines of from 100 to 500 mJ/cm 2 via a reticle, using an exposing device. Mine stepper 

49 (from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wt.% tetramethylammonium 
hydroxide for 20 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, it was known that the suitable amount of exposure in this case is 300 mi/cm 2 . Through that exposure, the pattern 
formed had a good profile. The film retenfiveness In the non-exposed area was 79 %. The pattern was heated in a nitro- 
gen atmosphere at 350°C for 1 hour. The relief partem of the pofytmWe film thus formed had a good profile. 

50 ' 

Example 2 

10133) 15.00 g of the potyamidate (5) as prepared in Example 1, 2.25 g of an orthoouinonediazjde compound as 
prepared by reacting tris{4-hydroxyphenyi)rnethane and 1,2-naphthooAflrK)rje-2-c5azido^-suitony1 chloride in a ratio by 
55 mo* of 1/2.9, 0. 1 5 g of diphenyfiodonium nitrate, 1 .5 g of £2^3-airwio^-hyott>xyphentf and 0.30 

g of a methanol solution of 50 % ureiA)propyttriethoxysilane were Dissolved in 23.46 g of N-rnethylpynolidone with stir- 
ring. The resulting solution was filtered under pressure through a 3 urn-Teflon fitter to obtain a photosensitive polymer 
composition. 



15 



26-15 



[8¥3B 16] 



HP 0 997 777 Al 

[0134] The thus -obtained photosensitive polymer composition was applied onto a silicon wafer through spin -coat- 
ing, using a spinner, and then heated and dried on a hot plate at 110*C tor 3 minutes to form a 7.5 urn film on the water. 
The fitm was then exposed to i-8nes of from 100 to 500 mj/cm 2 via a reticle, using an exposing device. Mine stepper 
(from Hitachi, Ltd.). Nod, this was developed with a developer, aqueous solution of 2.38 wt% tetramelJiytammonium 
5 hydroxide tor 70 seconds, using a paddle, and then rinsed wtth pure water to torm a pattern From the pattern observa- 
tion, it was known that the suitable amount of exposure in this case is 1 50 mJ/cm 2 . Through that exposure, the pattern 
formed had a good profile. The fitm retenttveness In the non-exposed area was 81 %. The patters thus formed had a 
good profile. The pattern was heated m a nitrogen atmosphere at 350°C for 1 hour. The relief pattern of the poryimide 
film thus formed had a good profile. 

w 

Example 3 

[0135] 48.8 g of N-methytpyrrolidone was put into a 0.5-ther flash equipped with a stirrer and a thermometer, to 
which were added 5.84 g (0.0384 mols) of 3,5-diaminoben20ic acid and 6.36 g (0.0256 mote) of 4.4'-diarniriodiphenyt 

is sujfone, and dissolved with stirring. Next, 22.78 g (0.288 mols) of pyridine was added tnereto, and thereafter the mixed 
solution (r*) of tfwi-butyl 3^,4.4^henytether-tetracarboxylate dicWoride and dimethyl pyromelfitate dchtoiide that 
had been prepared h the same manner as in Example 1 was dropwise added thereto over a period of 20 minutes with 
the temperature in the flask being kept at 0 to 5°C, and then further stirred for I hour at a temperature of 3(TC. The 
resulting solution was poured into 3 titers of water, and the precipitate thus formed was collected, washed and then 

20 dried under reduced pressure to gtve a potyamidate (e). 

[0136] 1 5.00 g of the potyamidate (t), 2.25 g of an ortTK>quinonediazide compound as prepared by reacting tris<4- 
hydnaxyphOTyt)methane and t,2-naph8wo^r»ne-2-diazi^ riitoride in a ratio by mol of 1/2.9, 1.50 g of tris<4- 
hydrtKyphenyi )me thane . 0.15 g of diphenytk><Jonium nitrate, and 0.30 g of a methanol solution of 50 % ureidopropyltri- 
ethoxysaane were dissolved In 24.47 g of N-metrrylpyrrolidone with stirring; The resulting solution was filtered under 

25 pressure through a 3 urn-Teflon fitter to obtain a photosensitive polymer composition. 

[01371 The thus-obtained photosensitive polymer cornposlOon was applied onto a silicon wafer through spin-coal- 
ing, using a spinner, and then heated and dried on a hot plate at 110"C for 3 minutes to form a 7.5 Mm film on the wafer. 
The firm was then exposed to Mines of from 100 to 500 mJ/cm 2 via a reticle, using an exposing device, Mine stepper 
(from Hitachi, Ltd.y. Next, this was developed with a developer, aqueous solution of 2.38 wi.% tetramemytarnmonium 

jo hydroxide for 70 seconds, using a paddle, and then rinsed with pure water to form a partem. From the pattern observa- 
tion, it was knovm thai the suitable amount of exposure in this case is 250 mJ/cm 2 . Through thai exposure, the pattern 
formed had a good proBe. The fitm retentive ness In the non-exposed area was 85 %. The pattern was heated In a nitro- 
gen atmosphere at 350*C for 1 hour. The relief pattern of the poryimide fflm thus formed had a good profile. 

x Example 4 

[0138] 196 g of NHTiemyl-2-pyrroBdone and 48 g of xylene were put into a 0.5-fiter flask equipped with a stirrer, a 
thermometer and a Dimroth condenser, to which was added 32.97 g (0.09 mots) of 2^^is(3-amrnc^rrydroc<yphe- 
nyi)hex3nuoropfopane. and stirred with storing. Next. 35.82 g (0.10 mote) of S^^/'-biptrenytei^e-tetraMrlKKylic 

40 add dianhydrtde was added thereto, and stirred for 3 hours to obtain a polyamldlc add solution. 

J0139) Next, a water meter was fitted to the flask, and the solution to the flask was heated at 160»C for 2 hours, with 
water formed through irrajatjon being removed through azeotropic dislBlation along with xylene After cooled, the result- 
ing solution was poured Into 3 liters of water, and the precipitate thus formed was collected, washed and then dried 
under reduced pressure to give a poryimide (O- 

4S [0140) 15.00 g of the poryimide fc). 2.25 g of an orthoquinonediazide compound as prepared by reacting tris(4. 
t)vdroxvphenyl)rT>ethane and U^phthoqUnene-2^la2Wo^-suttonyl cntortde In a ratio by mol of 1/2.9. 2 00 g of tji$Q- 
nydrao/-5metiiytoher^ 0.10 g of diphenyturea, and 0.30 g of a methanol solution of 50 % urektopropyllri- 

ethaxysflane were dissolved In 53.18 g of N-methytpyrrofidone with stirring. The resulting solution was filtered under 
pressure through a 3 urn-Teflon fitter to obtain a photosensitive polymer composition. 

so (0141) The thus-obtained photosensitive polymer composition was applied onto a siicon water through spin-coat- 
ing, using a spinner, and then heated and dried on a hot plate at 1 10»C for 3 minutes to form a 6.3 urn firm on the wafer. 
The film was then exposed to Mines of from 100 to 500 mJ/cm 2 via a reticle, using an exposing device. Mine stepper 
(from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wt.% tetramethylammonium 
hydroxide for 100 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern obser- 

56 vation, it was known that the suitable amount of exposure m this case is 300 mi/cm 2 . Through that exposure, the pat- 
tern formed had a good profile. The film retentrveness in the non-exposed area was 86 %. The pattern was heated in a 
nitrogen atmosphere at 350°C for 1 hour. The reOef pattern of the poryimide film thus formed had a good profile. 
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Comparative Example 1 

[0142} 1 5.00 g of me potyamkJate (S) as prepared In Example 1 . 2.25 g of an orthoqulnonedlazMe compound as 
prepared by reacting tris(4 4iydroyypheny1)me thane and 1,2-naph1hoc^iinor^2-<Iiazkio^-stdfonyi chloride in a ratio by 
s mol of 1 12.9, and 0.30 g of a methanol solution of 50 % ureio^propyttnethoxysflane were dissolved in 23.00 g of N-meth- 
ytpyrrofidone with stirring. The resulting solution was filtered under pressure through a 3 nm-Tefton filter to obtain a pho- 
tosensitive polymer composition. 

10143) . The thus-obtained photosensitive pofymer composition was applied onto a silicon wafer through spin-coat- 
ing, using a spinner, and then heated and dried on a ho! plate at 105°C for 3 minutes to form a 7.5 ym firm on the water. 
io The film was then exposed to i-Hnes of from 1 00 to 500 mJ/crrr via a reticle, using an exposing device, i-Bne stepper 
(from Hitachi. Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wL% tetrarnethytammonium 
hydroxide tor 60 seconds, U3ing a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, it was known that the suitable amount of exposure in this case is 350 mJ/cm 2 . The fifrn retentiveness in the non- 
exposed area was 81 %. 

13 

Comparative Example 2 

|0144] 15.00 g of the potyamidate (t) as prepared In Example 3, 2.25 g of an ortrioquinonediazide compound as 
prepared by reacting tris{4'hydroxyphenyt)nrethane and 1,2-naphthoo^mone-2-o^io^-sutfcmyt chloride in a ratio by 
20 mol of 1/2.9, and 0.30 g of a methanol solution of 50 % ureio^propyttneth<wysflane were dissolved tn 23.00 g of N-meth- 
ylpyrroftdone with stirring. The resulting solutJon was filtered under pressure through a 3 urn-Teflon filter to obtain a pho- 
tosensitive polymer composition. 

J01451 The thus-obtained photosensitive polymer composition was applied onto a silicon wafer through spin-coat- 
ing, using a spinner, and then heated and dried on a hot plate at 105-C tor 3 minutes to form a 7.5 um film on the wafer. 
23 The film was then exposed to Mines of from 100 to 500 mJ/cm 2 via a reticle, using an exposing device, i-fine stepper 
(from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wt.% tetramethytammonium 
hydroxide for 45 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, it was known that the suitable amount of exposure in this case is 500 mJ/cm 2 . The film retentrveness in me non- 
exposed area was 83 %. 

so 

Comparative Example 3 

10146] 15.00 g of the poryamidate (0 as prepared in Example 4, 2.25 g of an orthoquinonediaade compound as 
prepared by reacting trts(4-hy*oxyphenyl)methane and 1 ,2-napMhoqirinore-2-<Jra^^ chloride in a ratio by 

35 mol of 1/2.9, and 0.30 g ol a methanol solution ot 50 % ureio^rof^tnethoxysirane were disserved In 53.18 g of N-meth- 
ytpyrroWone with stirring. The resulting solution was filtered under pressure through a 3 urn-Teflon fitter to obtain a pho- 
tosensitive polymer composition. 

10147) The thus-obtained photosensitive polymer composition was applied onto a silicon wafer through sr>r>-coal- 
mg, using a spinner, and then heated and dried on a hot plate at 105°C for 3 minutes to form a 7.5 pm film on the wafer. 

40 The ntm was then exposed to Wines of from 300 to 700 mJ/crrf via a reticle, using an exposing device. Wine stepper 
(from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wL% tetramelhylarnmonium 
hydroxide for 190 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the partem obser- 
vation, ft was known that the suitable amount of exposure In this case is 550 mJ/cm 2 . The film retentrveness in the non- 
exposed area was 88 %. 

45 

Example 5 

10148) 1934 g (0.063 mots) of S.S'^^'Kfiphenylether-tetracarboxyBc acid dianhydrWe, 9.34 g (0.126 mote) of rv 
butyl alcohol, 0.29 g (0.0019 mots) of 1.8-dla2aoicyclol5.4.o>7-undecene and 53.5 g of NMP were put Into a 0.3-tlter 

so HasK equipped with a stirrer and a thermometer, and stirred and reacted therein at 60*C for 6 hours to obtain an NMP 
solution (n) of dHvbutyt 3,y,4,4^r«nyte1her4etracanywylate. 

|01 49) On the other hand, 5.89 g (0.027 mots) of pyromeititic acid dianhydride, 4 .0 g (0.054 mote) ol n-buryl alcohol, 
0.12 g (0.0008 mots of 1.8-(fiazabicydo(5.4^7Hmdecene, and 25.4 g of NMP were put into a 0.3-tter flask equipped 
with a stirrer and a thermometer, and stirred and reacted therein at 60°C tor 4 hours to obtain an NMP solution (6) of 
5f rj-n-butyt pyromefWate. 

10150) Next, the NMP solution (e) of di-n-butyi pyromeCitate was added to the NMP solution (n) of dnvbutyl 
3.T.4 ,4*^lphenylethef4etracany«ytate, and the flask comaining them was cooled to (PC. to which was dropwise added 
20.56 g (0.173 mote) of thbnyi chloride, and reacted therewith for 1 hour to obtah a mixed sorution ( , ) of di-n-butyl 
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a.^^'-cfiphenytether-tetracaiboxytatB dicnloride and dwvbutyl pyromeflaate dcWoitte. 

[0151) On the other hand. 127 g erf r4-me4hytpyrro6done was put Into a 0.5-titer nask whipped with a stirrer and a 
mermometer. to Which was added 31.65 g (0.086 mols) of 2^-bis(3-ammo^-rTydraxy^ and 
dissolved with stirring. Nod, 27.34 g (0 346 mote) of pyridine was added thereto, and thereafter the mixed solution U ) 

5 of (fro-butyl 3,3\4 .4'^pherrytemer-tetracart>oxy1ate tfchlorioe and dMvfcutyt pyromedttate dicWoride was dropwlse 
added thereto over a period of 20 minutes with the temperature In the flasK being kept at 0 to 5 3 C, and then further 
stirred for 1 hour al a temperature of 30">C. The resulting solution was poured Into 3 Iters of water, and the precipitate 
thus formed was collected, washed and then dried under reduced pressure to give 63 g of a poryamidate. 
10152} Measured through gel permeation chromatography using a calibration curve of a standard substance of pd- 

to ystyrene, the poryamidate was found to have a weigW-averaae molecular weight of 22,500. For the measurement, used 
was a GPC device from Hitachi. Ltd.. in which two columns of GL-S300MPT-5 (from Hitachi Chemical Company. Ltd.) 
were connected In series. The etuent used was THF/OMF = 1/1, the Cow rate was 1 ml/mrn. and the wavelength for 
detection was 310 nm. 

(0153} 15.00 g of the poryamidate. 2.25 g of an orthoquinonediazide compound as prepared by reacting tns/,4- 
t5 hyefracyphenytjroethane and 1 .2^phtnoqujnone-2KJia2ldowj-su«onyl chloride In a ratio by mol of 1/2.9. 1 .5 g of 3,3*- 
rrethylenebts{24rvdJOxy^^ 030 0 of a methanol solution of 50% ureidwropyttiiethoxysl- 

lane were dissolved in 24.47 g of N-memytpyrTdldone with stirring. The resulting solution was filtered under pressure 
through a 3 iinvTeflon fitter to obtain a photosensitive polymer composition. 

10154) The thus-obtained photosensitive polymer composition was applied onto a sScon water through sptn-coat- 
20 ing. using a spinner, and then heated and dried on a hot plate at 1 10*C for 3 minutes to form a 7.5 jun film on the wafer. 
The film was then exposed to Mnes of from 1 00 to 500 mJ/crrr 2 via a reticle, using an exposing device. Mine stepper 
(from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 238 wL% tetramethytemrrwrtum 
hydroxide for 45 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, ft was known that the suitable orwunt c* exposure 
25 formed had a good profile. The flm retentiveness in the non-exposed area was 82 %. The pattern was heated in a nitro- 
gen atmosphere at 350*C for 1 hour to obtain a relief pattern crfaporytmide film, Whfle being cured, the polyimide film 
did not fuse at al. and the relet pattern of me poryirrode fihi thus formed had a good profile. 

Example 6 

x 

[0155) 15.00 g of the poryamidate as prepared in Example 5. 22b g of an orthoqiinonedrazide compound as pre- 
pared by reacting tris(44rydroxyr^ny1)methane and \^^^^^^2-<!^^'^Q^ chloride m a ratio by mol 
of 1/2.9. 0.15 g of tfpherryliodonrum nitrate. 1.50 g of S.ywnethylenebtstf^rydrc*^ and 
0.30 g of a methanol solution of 50 % ureldopfor^etboxysrtane were dissolved In 23.46 g of N-methytpyrToRdone with 
« stirring. The resulting solution was filtered under pressure through a 3 nm- Teflon filter to obtain a photosensitive pory- 
rher composition. 

(01 56] The thus-obtained photosensitive polymer composition was applied onto a sflicon wafer through sptn-coat- 
Ing. using a spinner, and then heated and dried on a hot plate at 110*C for 3 minutes to form a 7.5 nm film on the wafer. 
The film was then exposed to Mines of from 100 to 500 mJ/cnr 2 via a reticle, using an exposing device. Mine stepper 

*o (from Hitachi. Ltd.). Next, this was developed wtth a developer, aqueous solution of 138 wt% tetramethytammonium 
hydroxide for 120 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern obser- 
vation, it was known that the suitable amount of exposure ii this case is 200 mJJcrrr 2 , Through that exposure, the pat- 
tern formed had a good profile. The film retentiveness in the non-exposed area was 83 %. The pattern was heated ii a 
nitrogen atmosphere at 350*C for 1 hour to obtain a relief pattern of a rxrfyimide fHm. While being cured, the polyimide 

49 film did not fuse at al. and the relief pattern of the polyimide film thus formed had a good profile. 

Comparative Example 4 

[01 57) 15.00 g of the poryamidate as prepared in Example 5. 225 g of an crthoqilnonedtezide compound as pre- 
x pared by reacting tns<4-hyrJroxyprienyt)methane and 1 ^-naphthoqurnone-2-^fiazidxH-w chloride in a ratio by mot 
of 1/2.9, and 0.30 g of a methanol solution of 50 % ureidcoropyttriethOKysilane were dissolved tn 23.00 g of N-methyt- 
pyrrotidone with stirring. The resulting solution was filtered under pressure through a 3 run-Tenon fitter to obtain a pho- 
tosensitive porymer composition. 

[01 58} The thus-obtained photosensitive porymer composition was appfed onto a sfficon wafer through spin-coat- 
58 jr^.usirjgasp^r.andt^r»ea1edanddri 

The film was then exposed to Mines of from 100 to 500 mJfcm 2 via a reticle, using an exposing device, Mine stepper 
(from Hitachi, Ltd.). Next, this was developed wtth a developer, aqueous solution of 2.38 wL% tetramethytamrrwriium 
hydroxide for 70 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
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Goo. it was known that the suitable amount of exposure in this case is 400 mJ/crrrl The film fetentjveness in the non- 
exposed area was 83 %. 

Example 7 

5 

10159) 1 5.00 9 of the poJyamkJate as prepared in Example 5, 225 g of an orthoquinonediazide compound as pre- 
pared by reacting tris(4-hydroxyphenyt)memane and 1,2-aapfithoq^nor^2-cTazido-4-si^onyl chloride In a ratio by mot 
of 1/2.9. 1 .5 g of 2,7-memylenel)te(4-niemytpnenol}, and 0.30 g of a methanol solution of SO % ureidopropylfflethoxysl- 
lane were dissolved in 23.00 g ot r^rnethytpyrroildone with stirring. The resulting solution was filtered under pressure 

id through a 3 nm-Teflon filter to obtain a photosensitive polymer composition 

(0160) The thus-obtarod photosensitive polymer composition was appfced onto a silicon wafer through spin-coat- 
ing, using a spinner, end then heated and dried on a hot plate at 1 05 °C for 3 minutes to form a 7.5 urn film on the wafer. 
The film was then exposed to Mines of from 100 lo 500 mJ/cm 2 via a reticle, using an exposing device. Mine stepper 
(from Hitachi, Ltd.). Next, this was developed with a devefoper, aqueous solution of 2.38 wi% tetramethytammonium 

15 hydroxide for 45 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, it was Known that the suitable amount of exposure In this case Is 300 mJ/cm 2 . Through that exposure, the pattern 
formed had a good profile The film retentrveness in the non-exposed area was 81 %. 

Example 8 

20 

10161) 1 5.00 g of the potyamidate (s) as prepared In Example 1. 225 g of an orthoquinonediazide compound as 
prepared by reacting tns(4-tiydroxYphenyl)rrtethane and 1 ,2-naphirxxpjirK)r«2^u32i*>^-suifcf7y1 chloride in a ratio by 
mol of 1/2.9, 0.15 g of 4 -methoxydiphenyliodonium blfJuofomethanesulfonate. 1.5 g of 2^-bisp-amirKM-hydroxvphe- 
nyt)hexanuoropropane. end 030 g of a methanol solution of 50 % ureldopropytmetrroxysilane were dissolved in 23.46 
25 g of N-methylpyrrofictane with stirring. The resulting solution was filtered under pressure through a 3 >in>Tef!on filler to 
obtain a photosensitive polymer composition. 

(0162) The thus-obtained photosensitive polymer composition was applied onto a silicon wafer through spin-coal- 
ing, using a spinner, and then heated and dried on a hot plate at 110*C for 3 minutes to forma 7.6 nm film on the wafer. 
The film was then exposed to Mines of from 100 to 500 mJ/cm 2 via a reticle, using an exposing device, Mine stepper 

3D (from Hitachi, Ltd.). Next, this was developed with a developer, aqueous solution of 2.38 wt.% tetrametrwtanvTiorium 
hydroxide for 50 seconds, using a paddle, and then rinsed with pure water to form a pattern. From the pattern observa- 
tion, n was known that the suitable amount of exposure In this case is 200 mJ/cm 2 . Through that exposure, the pattern 
formed had a good profile. The film retentiveness in the non-exposed area was 80*. The pattern was heated in a nitro- 
gen atmosphere at 350*C for 1 hour, and the relief pattern of the pOrytmJde ffrn thus formed had a good profile. 
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Example9 

(0163) 1 5.00 g of the potyamidate (5) as prepared in Example 1, 225 g of an orlhOQUlnonediazide compound as 
prepared by reacting tris(4-hydnxcvphenyt)methane and 1.2-napMr»c^iinone-2-diazido^ chloride in a ratio by 

«0 mol of 1/2.9, 0.1 5 g of tetramethytamrrwnium chloride. 1 .5 g of 2.2-bte(>arrrtno-4-rrytt^ 

and 0.30 g of a methanol solution of 50 % ureidopropyttriethoxysaane were dissolved in 23.46 g of N-methyipyrrofidone 
with stirring. The resulting solution was filtered under pressure through a 3 nm-Teflon filter to obtain a photosensitive 
polymer composWon. 

(0164) The thus-obtained photosensitive polymer composition was applied onto a silicon wafer through sptn-coat- 
43 ing, using a spinner, and then heated and dried on a hot plate at 1 10*0 for 3 minutes to form a 7.4 urn film on the wafer. 

The film was then exposed to Mines of from 100 to 500 mJ/crrr via a reticle, using an exposing device, Mine stepper 
(from Hitachi, Ltd.). Next, this was devetoped with a developer, aqueous solution of 2.38 wL% tetrarrjethytammonium 
hydroxide for 40 seconds, using a paddle, and tfien rinsed wtth pure water to form a pattern. From the pattern observa- 
tton, It was known that the suitable amount of exposure In this case Is 150 mJ/cm 2 Through that exposure, the pattern 
so formed had a good profile. The film retentrveness in the non-exposed area was 82 % The pattern was heated in a nitro- 
gen atmosphere at 350*C for 1 hour, and the rede! pattern of the poiyimlde film thus formed had a good profile. 

(0165) As has been described in detail hereinabove, the photosensitive polymer composition of the toventton is of 
a positive type and is developable with an aqueous alkaline solution to give a relet pattern having high heat resistance. 
The corriposrtion has high sensiSvtty, and the development ttme tor tt is short 

55 10166) Specifically, the photosensitive polymer composition of the invention have the advantages of high sensitivity, 
high resolution, good pattemability to give relief patterns having good profiles and short development time. 
(01 67) According to the method for forming relief patterns of the invention, the high-sensitjvtty composition is used 
to give hip>resc4ution relief patterns having good profiles. 
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[01 68] The electronic parts of the invention have fine relief patterns having good profiles, In which the refief patterns 
serve as a surtace-protectfig film and/or an tntertayer insulating film, and the retooUtty of the electronic pans Is high, 
[01 69] White the invention has been described In detail and with reference to specific embodiments thereof. It will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

Claims 

1. A photosensitive polymer composition comprising (a) a potyimide precursor or a potyimide which is soluble m an 
aqueous alkaline solution, (b) a compound capable of generating an acid when exposed to tight, and (c) a com- 
pound having a phenoSc hydroxy! group. 

2. The photosensitive polymer composition as claimed in claim 1 . which additionally contains (d) a dissolution retard- 
ant for the component [a) In an aqueous alkaline solution. 

3. The photosensitive polymer composition as claimed in claim 1, wherein the component (b) Is an o-quinonediazlde 
compound. 

4. The photosensitive polymer composition as claimed in claim 1, wherein the component (a) is a potyamidate or a 
potyimide. 

5. The photosensitive polymer composition as claimed in claim 1 , wherein the component (a) is a potyamidate having 
repetitive units of a general formula (I): 

O OH H 

d n i I 

t 

(COOB> ) 2 

wherein R 1 represents a tetravatent organic group; represents a divalent organic group having a carboxyl group or 
a phenolic hydroxy! group; and two R^s each independently represent a monovalent organic group. 

6. The photosensitive polymer composition as claimed in claim 1 , wherein the component (c) is a compound of a gen- 
eral formula (! I): 



OH OH 

,NH a 

(II) 



so 



wherein X represents a single bond or a divalent group; R* and R 5 each independently represent an alky! group; 
and m and n each Independently represent an Integer ol from 0 to 3. 

7. The photosensitrve polymer composition as claimed In claim 6. where*) X m the compound of formula (II) Is 
selected from the fofiowing groups: 
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I II Ml 

CH, 0 O CF3 



8. The photosensitive polymer composition as claimed in claim 7, wherein the compound of formula (H) is 2.2-bis(3- 
anwxM-hydroxyprie^ 

15 9. The photosensitive polymer composition as claimed In claim 1 , wherein the component (c) b a compound of a gen- 
eral formula (III): 

OH OH 

(III) 



(R«)p <R 7 )q 



wherein Y represents a single bond or a divalent group; R 8 and R 7 each independentfy represent an alkyl group; 
and p and q each independently represent an integer of from 0 to 3. 

30 1 0. The photosensitive polymer composition as claimed in claim 9, wherein Y is a divalent organic group having one or 
more aromatic rings. 

11. The photosensitive polymer composition as claimed in claim 1, wherein the component (c) is a compound having 
a methytot group and a phenolic hydroxyl group. 

35 

12. The photosensitive polymer composition as claimed in claim 11, wherein the compound having a methylo! group 
and a phenolic hydroxyl group b represented by a general formula (IV): 



OH OH 

(HOCH 2 ^^^_a ^-^CH 3 0H), (IV) 

<R 8 )t <R»)u 



wherein Z represents a single bond or a divalent group; R* and R° each Independently represent an alkyl group or 
an afcenyi group; r and s each Independently represent 1 or 2; and t and u each independently represent an Integer 
so of from 0 to 3. 

13. The photosensitive polymer composition as claimed in daim 12, wherein 2 is a group of: 
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A 
I 

— c— 

I 

A 

wherein two A*s each Independently represent a hydrogen atom, or an alkyl group having from 1 to 10 carbon 
atoms. 

1 4. The photosensitive polymer composition as claimed in claim 1 3, wherein the compound of formula fh/) is 3,3'-meth- 
ylertebls<24iyttroxy-5-memytbenzera 

15. The photosensitive polymer composition as claimed In claim 2, wherein the component (d) is selected from an 
ortum salt, a dlaryl compound or a tetraalKylammonium sal 

1 6. The photosensitive polymer composition as claimed In daim 15, wherein the component (d) is selected from a dia- 
rytiodorium salt, a diary! suflone compound, a diaryturea compound or a tetrarnethytammonium halrde compound 

17. The photosensitive polymer composition as claimed in claim 16, wherein the component (d) is a dfcryliodoniurn salt 
of a general formula (V): 

wherein R T0 and R 11 each independently represent a monovalent organic group, and R 10 s and R 11 's may be the 
same or different; v and w each independently represent an integei of from 0 to 5; and X" represents a counter 
anion. 

1 8. The photosensitive polymer composition as claimed m dafm 1, which contains from 5 to 100 parts by weight of the 
component (b) and from 1 to 30 parts by weight of the component (c), relative to 100 parts by weight of the com- 
ponent (a). 

19. The photosensitive polymer composition as claimed in claim 16, which further contains from 0 01 to 15 parts by 
weight ol the component (d) relative to 100 parts by weight of the component (a). 

20. The photosensitive polymer composition as claimed in daim 1, wherein the pdyimide precursor or the pcfyimkte 
has a weight-average molecular weight of 3.000 to 200,000, and wherein the compound having a phenoDc hydroxy! 
group has a molecular weight of at most 1 ,500. 

21. A method tor (brining relief patterns, which composes a step of applying the photosensitive porymer composition of 
daim 1 onto a substrate and drying it thereon, a step of exposing 0, a step of developing it. and a step of healing 1 

22. The method for forming relief patterns as claimed tn daim 21, wherein the Hg/it to be used ft the exposing step rs 

of Mine. 

23. An electronic part having, as a surface-protecting film or an interlayer insulating film, the relet pattern as formed tn 
the method of daim 21. 
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